INTRODUCTION
Patent law is no stranger to technological innovation. Just recently, courts have handled the legal uproar over smartphones, 1 new forms of biotechnology, 2 and more. 3 Three-dimensional ("3D") printing has now emerged, 4 and patent law will once again need to adapt. Three-dimensional printing is new technology that allows consumers to manufacture a seemingly endless variety of items in the comfort of their homes. Although innovators have recently used 3D printers to make remarkable creations like functional guns, it is becoming more common for average tinkerers to 3D print replacement parts for broken home objects.
er. 10 This technology has allowed for the creation of items like functioning guns and tools and has fostered development of printers capable of "printing" concrete housing structures. 11 At a more basic level, 3D printers allow users to create home objects and component parts, like the battery cover for a remote control or a new handle lock for a baby stroller.
12 By creating replacement parts for several household objects via 3D printing, consumers could potentially save money that might have otherwise been spent on repairs or replacements. 13 Although consumers will be able to preserve their belongings more easily and affordably with 3D printing, the process is subject to possible legal restriction.
14 Under patent law, the purchaser of a patented object acquires several rights, including the right to use and repair the object. 15 Not within this list of consumer rights, however, is the right to reproduce or reconstruct a patented item entirely, or to use unapproved parts to repair or reconstruct the item. 16 Once a patented object is broken or completely spent to the extent that it is no longer usable, patent law requires the consumer to purchase a new product to continue its use. 17 If a person reconstructs a patented item after its use is spent, the person commits patent infringement 10 18 This rule may seem straightforward-once an item breaks completely, buy a new one-but in application, courts have had a difficult time drawing lines between innocent repairs and infringing reconstructions. 19 The distinction between repair and reconstruction will become even more relevant and complex as consumers use 3D printing to replace multiple parts of an object simultaneously or sequentially throughout its life.
Id. 11 See Rich Brown, You Don't Bring a 3D Printer to a Gun
To protect their revenue streams against profit losses, patent holders could react to the 3D printing advancement by trying to impose some additional restrictions on unpatented component parts, or by filing patent infringement litigation against consumers. Given the current state of the repair-reconstruction patent standards, any litigation could create unpredictable and inconsistent outcomes.
In anticipation of the rapidly expanding 3D printer movement, the Supreme Court needs to clarify the repair and reconstruction standards to achieve consistency in application of the law and to provide consumers with certainty and fairness. Consumers should be able to embrace this technology, and as such, consumers have a right to know with certainty that their 3D printed objects are legal before stepping into the courtroom.
Part I of this Comment begins by discussing the rapidly advancing 3D printer technology, noting some of the most remarkable creations born from 3D printing and describing its current availability to consumers. Part I then explains basic patent law principles and how 3D printing has disruptive potential in patent law. Part II describes the complex legal standard that attempts to distinguish between permissible repair and infringing reconstruction, and how that standard could produce undesirable outcomes in light of 3D printing and wide availability of low-cost replacement parts. Finally, Part III of this Comment proposes three recommendations for clearer, more reliable standards to prevent arbitrary litigation, provide consumers with certainty, and achieve judicial consistency. The Comment concludes by urging courts to adopt one of the redefined, recommended standards. 
I. FAST ADVANCING 3D PRINT TECHNOLOGY AND ITS DISRUPTIVE POTENTIAL IN PATENT LAW A. 3D Printing Process and Product
"Printing" has assumed a new, three-dimensional form. 20 Although most people associate the word "printing" with an inkjet machine that produces flat, two-dimensional ("2D") images on paper, 3D printing now allows a home user to produce a broad selection of tangible, 3D objects from scratch. 21 The 3D printing process begins with a digital 3D blueprint design, more commonly known as a computer-aided design ("CAD") file. 22 Users can create CAD files by scanning objects with a 3D scanner or by drawing objects manually on a CAD program. 23 With a 3D scanner, a person typically points and skims a laser around an object to capture contour details, and the scanner instantly generates a CAD file. 24 This "point and click and print" world of laser photography is advancing rapidly alongside 3D printers. For instance, several companies have developed 3D scanning programs for smartphones. 25 Alternatively, with a computer CAD program, a person can manually create a digital model and save it as a CAD file. 26 After using either method to create a CAD file, a person sends the file to a 3D printer and its contents are "sliced" into layers, ready for printing. 27 20 Weinberg, supra note 9, at 2. 21 Andrew Couts, Is the 3D Printing Industry About to Start Turning Out Lawsuits?, DIGITAL TRENDS (Oct. 1, 2012), http://www.digitaltrends.com/cool-tech/3d-printing-and-copyright-lawsuits/; Hanna, supra note 14. 22 Weinberg, supra note 9, at 2. A 3D printer works similarly to its traditional 2D counterpart, the inkjet printer. 28 But instead of dispersing ink onto paper, a 3D printer releases materials like metal, plastic, powder, and rubber-like substances onto a base to build an object upward, layer by layer. 29 The base tray is lowered fractionally as each layer is added. 30 After the layers are set, they are fused together and the object is further solidified.
31
This layering process, also called "additive manufacturing," can be more precise than making and cutting parts from a mold, and it allows for elaborate structures and internal moving parts.
32 A 3D printer can print an object pre-assembled, rather than requiring manual labor to put pieces together. 33 Of course, a 3D printer can also print simple, separate replacement parts.
34
Personal 3D printers can print objects in a wide variety of colors and sizes. 35 They can now print in high resolution, with vibrant colors. 36 The possible size of printed objects is only limited by the size and capability of the printer making them. 37 On a small scale, consumers can print objects like figurines and gears. 38 On a larger scale, engineers are developing giant 3D printers that will be able to print concrete housing structures with internal plumbing in as little as twenty hours. 
B. Consumer Cost and Availability
Three-dimensional printers have been used in business since the early 1990s, costing about $15,000 to $25,000 each. 40 CAD programs are also extensively used in several professions-including architecture, interior design, engineering, and fashion-to digitally depict physical objects before production. 41 Because of the precision and convenience that 3D printing allows, it "has become a favoured way of prototyping new products without" costly manufacturing lines.
42
Three-dimensional printer enthusiasts and developers are lowering the cost of basic 3D printing systems, thus redefining the consumer end of the market. 43 A growing range of 3D printing products and kits are now available for consumer home use. 44 Consumers can build their own 3D printers with help from online communities that share designs and other information about how to build a 3D printer. 45 Two examples of these communities are "RepRap" and "Fab@Home."
46 For consumers not inclined to construct their own 3D printer, home versions of 3D printers can now be purchased for about $500 to $2,000.
47 Three-dimensional printers are constantly improving and becoming more mainstream. 48 Materials for the printers are also relatively affordable, comparable to the cost of ink for home printers, 40 printers due to decreasing cost); see also Barnatt, supra note 8 (discussing the costs of the Cube Personal 3D printer); Brown, supra note 11 (predicting that a 3D printer may be a new way of making guns because such printers can now be purchased for $500); Ron Schenone, How 3D Printing Could Change Our World, LOCKER GNOME (July 26, 2012), http://www.lockergnome.com/blade/2012/07/26/how-3d-printing-could-change-our-world (noting that the cost to buy a 3D printer has already fallen precipitously and predicting it will continue to drop over the next few years); Weinberg, supra note 9, at 1 (stating that 3D printers can be purchased for around $1,000); Store -3D Printers, MAKERBOT, http://store.makerbot.com/3d-printers.html (last visited June 26, 2013) (showcasing MakerBot's current line of available 3D printers and attendant prices). 48 Braue, supra note 40; Weinberg, supra note 9, at 1.
with common plastic materials used in the printers selling for about $50 per spool.
49
Although the average $1,000 price tag on a current home 3D printer is lower than the former commercial cost, the price is still high for a typical consumer. But history shows that prices will rapidly drop as the technology advances. 50 Recall the early dot matrix color printer that sold to consumers for $500 in the early 1990s. 51 It was considered state-of-the-art at the time, but today a consumer can purchase a LaserJet printer with Wi-Fi for only $105. 52 Consumer homes already have desktop 3D printers, and as with 2D printers, costs will almost certainly continue to fall.
53
Consumers who do not want to buy a 3D printer can still easily print 3D objects. 54 Online services like Shapeways, Sculpteo, and i.materialize print consumer CAD design submissions and ship the objects to consumers. 55 These services charge a modest fee, often between $2 and $150, depending on the object. 56 For example, Shapeways has printed several consumer objects such as phone cases, jewelry, lamps, bookends, and dice.
57
Shapeways has also printed product replacement parts, such as the previously discussed "Bugaboo" stroller part, laptop hardware pieces, battery covers, and various hinges.
58 Retail stores will also offer 3D printing services soon. 59 Staples, the office supply chain, has already contracted with the 3D printing company Mcor Technologies to develop a "Staples Easy 3D" printing service for its copy centers. 60 As with the services discussed above, customers will submit their CAD files online, and Staples will offer in-store pickup of the finished products.
61
Consumers can create their own customized 3D designs with CAD programs or 3D scanning, but they can also use premade designs from databases online. 62 This option is especially appealing to consumers who are 63 Many of the designs are created by other users and uploaded to the websites. 64 In minutes, a consumer can download a premade CAD file and submit it to services like Shapeways or Staples for printing. 65 With all of these 3D print options, consumers will soon be able to create many objects through a process that is "as simple as microwaving a baked potato." 66 Three-dimensional printers have already been used to create printed tools, human tissues, working guns, automobile parts, toys, popular board games, component parts like hinges and handles, and many everyday objects. 67 
C. Patent Law and the Repair-Reconstruction Doctrine
Article I, Section 8, Clause 8 of the United States Constitution grants Congress the authority to make a national patent law framework that rewards patent holders with exclusive rights for limited times over their creations. 68 Congress enacted the United States patent law, which states, "whoever without authority makes [or] uses . . . any patented invention, within the United States . . . during the term of the patent . . . infringes on the patent."
69
Pursuant to the law, once an object is patented, copies of the object infringe upon that patent, regardless of whether the copier knows about the patent. 70 Few exceptions exist, and a copier is usually liable for patent in-[VOL. 20:4 fringement even if the copied object is only for home or personal use. 71 The patent holder's right to exclude others and enjoy profits from the patent comes from some of the legal rights associated with real property.
72
After purchasing a patented product, a consumer has the right to use it free of control by the patent owner. 73 This authority also gives a consumer the right to repair the object and use replacement parts to preserve its useful life. 74 But the authority to make repairs on a patented device does not include the right to completely recreate it after the device is worn out and spent. 75 Sometimes repairs can be extensive enough to constitute reconstruction. 76 When someone reconstructs a patented product "as to 'in fact make a new article,'" the person commits patent infringement through impermissible reconstruction. 77 Reconstruction is beyond the scope of a patented product's permissible uses, and it violates the patent owner's right to exclude others. 78 Thus, if a consumer wishes to continue using a patented product after its useful life is spent, patent law only allows the consumer to buy a replacement or repair the item with approved parts.
D. The Disruptive Potential of 3D Printing in the Repair-Reconstruction Doctrine
Three-dimensional printing technology has disruptive potential in patent arenas because it greatly simplifies the reproduction of physical, potentially patented objects. This disruptive potential is similar to the risks once 71 Id. The narrow "experimental use" common law exception may apply if the consumer has no commercial goal and copies the object only for curiosity or amusement, but discussion of that doctrine is faced by authors of printed text with the advent of the printing press. 80 Before the printing press, books were extremely expensive and generally inaccessible to the masses. 81 When a citizen needed information, a king's messenger or other representative delivered it. 82 The invention of the printing press allowed the average citizen to obtain textual materials in ways not previously imagined, and it eventually led to the passage of copyrights and other laws to manage published material. 83 Similarly, 3D printing allows consumers to independently use a creation process that was once costprohibitive and limited to high-investment manufacturing plants. 84 As a result, 3D print technology, like the printing press, is likely to create issues within several areas of the law. 85 In particular, the advancement of 3D printing will require patent law to better define the difference between legal repair and infringing reconstruction. Three-dimensional printing allows consumers with broken objects around the house to recreate many product parts by simply downloading, scanning, or creating the CAD file and printing it in plastic, metal, or other materials. 87 As previously discussed, one consumer fixed his expensive baby stroller by creating a handle lock with a 3D printer.
88 Another consumer printed a plastic handlebar piece for a Ford truck, and another printed 80 Hanna, supra note 14; see generally, e.g., Jensen-Haxel, supra note 14 (discussing the legal controversy associated with firearms and 3D printing a new dial for a clothes dryer. 89 Likewise, a consumer could easily print a remote control's battery cover if the original piece became broken or disappeared.
When consumers print one small piece of a much larger combination, as described above, common sense tells us that the activities are simple cases of repair. This inclination is typically correct under the law. Someone who lawfully purchases a patented product may legally repair it by replacing an unpatented part of the whole combination, once or repeatedly. 90 However, the difference between repair and reconstruction becomes more complicated when a consumer replaces several parts simultaneously or makes multiple repairs to preserve an object's utility. 91 In the case of the remote control, what if a consumer concurrently printed and installed a new battery cover, a new set of buttons to replace worn numbers, and new casing pieces for most of the remote control's structure? Is that repair or reconstruction?
The following section explains the current distinction in patent law between permissible repair and infringing reconstruction, and how the current, unclear standards will produce inconsistent and unsavory legal results when consumers use 3D printing to replace parts for common home objects.
II. THE SHORTCOMINGS OF THE REPAIR-RECONSTRUCTION DOCTRINE WHEN APPLIED TO 3D PRINTING

A. Repair or Reconstruction? The Legal Standards
For years the Supreme Court and lower courts have struggled to differentiate between permissible repair and infringing reconstruction. 92 As it currently stands, the ambiguous standard seems to resemble a famous test for obscenity-"I know it when I see it." 197 (1964) (Stewart, J., concurring) ("I shall not today attempt further to define the kinds of material I understand to be embraced within that shorthand description; and perhaps I could never succeed in intelligibly doing so. But I know it when I see it, and the motion picture involved in this case is not that.").
The Supreme Court's Unavailing Attempts to Distinguish Repair and Reconstruction
The Supreme Court first tackled the issue of repair versus reconstruction in 1850 in the case of Wilson v. Simpson. 94 The defendant in Wilson had purchased a patented wood-planing machine and, without asking the patent holder, had replaced the machine's cutting knives after they wore out. 95 The knives typically wore out after ninety days of use, even though the machine's framework lasted for several years. 96 The Court held that the defendant could legally replace the knives because the knives were temporary compared to the use of the whole, and their replacement "[did] not alter the identity of the machine, but preserve[d] it." 97 The Court declined to create a bright-line rule, but in finding permissible repair, it emphasized the replacement part's limited life and the patent holder's intent.
98
About thirty years later, the Supreme Court faced the issue again, but this time it ruled that the defendant's activities constituted impermissible reconstruction. 99 In Cotton-Tie Co. v. Simmons, 100 the plaintiff had a patent on cotton bale ties, composed of a buckle and a band. 101 The tie was designed to wrap around cotton bales until they arrived at a cotton mill, where the band was cut. 102 The defendant bought severed ties from cotton mills as scrap, and then riveted the bands back together to form a usable tie. 103 Because the ties were voluntarily destroyed, the Court found their capacity for use as a tie was also destroyed, and riveting them back together amounted to infringing reconstruction. to decide whether the replacement of fabric car convertible tops constituted infringing reconstruction. 106 The fabric was an unpatented part of a combination patent that covered the supporting structures, sealing mechanism, and "flexible top fabric" of car convertible tops. 107 Ruling that the replacement of unpatented spent fabric was permissible repair, the Court explained:
No element, not itself separately patented, that constitutes one of the elements of a combination patent is entitled to patent monopoly, however essential it may be . . . Mere replacement of individual unpatented parts, one at a time, whether of the same part repeatedly or different parts successively, is no more than the lawful right of the owner to repair his property.
108
The Aro I Court further provided that reconstruction occurs when a defendant "in fact make[s] a new article" after the patented entity as a whole becomes spent. 109 This broad language created a considerable amount of confusion in later cases.
110
Justices outside of the Aro I majority tried to refine its result or disagreed with the Court's decision completely.
111 Justice Brennan wrote a concurring opinion to Aro I in which he argued that rather than a single test, the determination should instead be made using multiple factors, such as the intent of the patent holder and user, as well as the life, importance, and cost of the part replaced in relation to the patented whole.
112
In another concurrence to Aro I, Justice Black criticized Justice Brennan's approach. 113 Justice Black said that whether a patented object is reconstructed does not depend on whether an unpatented part is perishable, the length of time any elements last, or the intentions of a patentee or purchaser. 114 He called Justice Brennan's multifactor approach a "Pandora's flock of insignificant standards" that would cause confusion and uncertainty, especially when engaging in the "psychoanalysis" necessary to discover the patentee's or purchaser's intentions. 115 He said the analysis must involve But Justice Black's concurrence was less than helpful. Although in his concurrence Justice Black claimed to support the analysis in Wilson and to disagree with Justice Brennan's proposed standards, the Wilson Court relied heavily on the part's durability and the patent holder's intent-two of Justice Brennan's proposed standards. 117 Further, Justice Black admitted that the ruling in Aro I would not serve for a case involving the omission of a particularly minor part in the remaking of a patented combination-for example, the omission of a single bolt from a machine. 118 Justice Black stated that for such a case, the Court would need to articulate refinements to the simple Aro I test, but he did not see the need to articulate those refinements in his concurrence. The Supreme Court precedents discussed above have created confusing and unguided applications of the law in lower courts.
In the 1964 case Monroe Auto Equipment Co. v. Precision Rebuilders, Inc., 120 a district court held that the defendant committed infringing reconstruction by purchasing used shock absorbers as scrap, cutting them, and affixing new seals to them for resale. 121 The court relied on the Supreme Court decision in Cotton-Tie, stating that this was reconstruction because the spent shock absorbers were converted from "useless junk" into a second creation. 122 The court analyzed the intent of the patent holder and user, finding that the shock absorber's design "permit[ted] no access to or severance of the working elements by any ordinary method of detachment."
123 The court also discussed the expected life and importance of the seal in relation to the full shock absorber, saying the seal normally "last[ed] the life of the shock absorber" and that it was "not merely a temporary part."
124 Without acknowledging it, and perhaps without knowing it, the court used three out The same year that Monroe was decided, the Ninth Circuit heard the case of Fromberg, Inc. v. Gross Manufacturing Co. 126 The defendant bundled and sold "kits" containing a patented "Fromberg" device of Fromberg, Inc. and the defendant's own separately manufactured replacement plugs for the device. 127 The court explained that under Aro I, a person's intent and the "heart" of a patented combination is irrelevant if one element of the combination can be removed while the other elements can be used further. 128 Since the plug could be easily removed and the other elements of the device could be reused, the court held that the sale of the kit with replacement plugs was legal repair. presented the Fifth Circuit with what the district court called an "extremely close" case. 131 The defendant was in the business of disassembling and cleaning patented tubes that were covered with grime deposits from heavy use. 132 The defendant cleaned, resurfaced, and reassembled the tubes, turning them into functioning parts once again. 133 Ultimately the court found this activity to be permissible repair. 134 As in Monroe, the court used several of Justice Brennan's factors in its decision without acknowledging itfactors like whether the part was spent, the intent of the patent holder, and the part's cost in relation to the whole. 135 Even though the tube parts were inoperative and dirty before the defendant cleaned them, the court ruled that the parts were never truly "worn out" or spent. 136 The court reasoned that the tubes were intended for an extended life rather than a one-time use, and that the coated parts were a small fraction of the cost of the whole tube. 137 Finally, the court stated that this act was one of disassembling and cleaning, and no real "reconstruction" occurred, as with the retying of cotton bale ties in Cotton-Tie. 140 The court responded that the facts of the FMC Corp. case dealt only with sequential one-part repairs of a patented device rather than several replacements being made at one time, and in such cases, the Aro I standard unambiguously notifies patent holders and consumers that the activity is permissible repair. 141 The court declined to provide a brightline test for scenarios in which several replacements are made on one occasion, saying the difference between repair and reconstruction should be determined by "sound common sense and an intelligent judgment." 143 that replacement of a removable inner container of a surgical disposal system was permissible repair. 144 The court noted that the patent holder, by suing a defendant who replaced the unpatented inner container part, tried to monopolize a segment of the replacement part market, which was an illegitimate attempt to extend patent rights to an unpatented component. 145 The court in Sandvik Aktiebolag v. E.J. Co.
146 used five factors to determine that "re-tipping," or sharpening, a patented drill constituted infringing reconstruction. 147 The court said the drills were "spent" before fixing, the nature of re-tipping seemed like reconstruction, the tip was not a temporary or detachable part, no industry existed for replacement tips, and the patent holder did not intend for the drills to be re-tipped. 148 Although these factors resemble those cited by Justice Brennan in his Aro I concurrence, the Sandvik court did not purport to rely on the concurrence in its analysis. cameras. 151 The Federal Circuit court found that the activities performed in refurbishing cameras-removing the cover, cutting open the plastic casing, inserting new film, replacing the winding wheel and battery, resetting the counter, resealing the outer case, and adding a new cover-all constituted permissible repair. 152 Relying on Aro I, the court reasoned that the activities involved with changing and replacing film constituted replacement of an unpatented part, and the replacement of unpatented parts is "characteristic" of repair. 154 which involved the unpatented mold and carrier plate parts of a patented machine. 155 The defendant sold new molds and carrier plates for use in the patented machines. 156 In its holding, the court set apart three different repairreconstruction situations. 157 The first situation occurs when an entire patented object is exhausted and the accused infringer remakes it. 158 The second situation happens when a worn-out part is replaced. 159 In the third situation, the basis for its holding, the court stated that replacing a series of spent parts to enable a patented object to carry out any function different from the original intended use is considered permissible repair. 160 The court noted that at the very least, if a part being serviced is "readily replaceable," whether it is spent or still usable, the activity is repair. 163 a refurbisher claimed repair as an affirmative defense. 164 Because of the defense, the burden of proof shifted and required the refurbisher to present enough evidence to show that the activities were permissible repair. 165 The refurbisher did not meet its burden, since it only presented evidence of activities taking place in three of its eight factories. 166 At trial in a lower court, a jury found that the refurbisher had reconstructed more than 39 million of the manufacturer's used cameras. 167 The Federal Circuit later affirmed the lower court's ruling. 168 The 173 In contrast with the previous ITC proceedings, but as with the other two camera refurbishing cases, the court held that the processes were permissible repair.
174
Even though several cases analyzed the difference between repair and reconstruction, "difficult questions remain" for future cases. 175 The Supreme Court in Aro I comes the closest to defining a rule, but as shown, lower courts have applied the Aro I standard in different ways. 176 The standards will not provide enough guidance to fairly and consistently distinguish between permissible repair and infringing reconstruction in potential future cases involving 3D-printed replacement parts.
B. Likely Consequences of the Ambiguous Standard and 3D Printing
Under the doctrine outlined above, consumers can lawfully recreate an unpatented part of a patented combination and use it to replace a part that is spent. 177 But as the process of creating replacement parts becomes easier and cheaper with 3D printing, consumers will become increasingly likely to 3D print and install several replacement parts at once. Consumers will need 166 to replace fewer objects with new purchases. As consumers grow less dependent on traditionally manufactured objects, patent holders will likely view 3D printing of replacement parts as piracy or theft. 178 Consumers will fight to maintain their right to 3D printed replacement parts, as patent holders will fight to restrict it. 179 This struggle will probably result in litigation, which will test the current repair-reconstruction legal doctrine. In that test, the doctrine will fail to provide predictable, consistent applications of the law for cases of multiple replacement parts that are 3D printed and installed during one period.
An Attempt to Impose Tighter Restrictions
In response to widespread replacement part 3D printing, businesses will try to protect their revenue streams.
180 Michael Weinberg, a copyright and technology attorney working for Public Knowledge, a consumer protection group, describes this possibility:
As incumbent companies begin to see small-scale 3D printing as a threat, they will inevitably attempt to restrict it by expanding intellectual property protections. In doing so they will point to easily understood injuries to existing business models (caused by 3D printing or not) such as lost sales, lower profits, and reduced employment.
181
Companies and other patent holders may try to impose restrictions on unpatented component parts, which would essentially penalize repair.
182
Such restrictions could include product labels that read "For Single Use Only," or certain registered CAD files branded with "do not manufacture" watermarks. 183 Alternatively, patent holders may push for an expanded scope for patent protection and the creation of some sort of license or protection system for unpatented parts of combination patents. 184 To an extent, if successful, the maneuver would effectively force consumers to buy more patented products instead of repairing them. 185 But it is highly unlikely that these restrictions would pass muster in court, because courts have repeated- tions of a product label that read "Licensed to use once only"); Sperry, supra note 17, ¶ ¶ 5-62 (discussing case law on single-use-only labels); Couts, supra note 21 (discussing the restriction on reproducing CAD files with "do not copy" watermarks).
184 Weinberg, supra note 9, at 8. 185 Id. at 13-14.
ly denied extending patent protection over individual, unpatented parts of a combination.
2. Individual Lawsuits Against Bragging Bloggers
Consumers frequently use the Internet's blogs and forums to share their 3D printing success stories and tutorials, and many of these stories involve 3D-printed replacement parts. 187 Inevitably, some patent holders will discover these online postings that involve their patented items. Most patent holders will probably tolerate 3D printing by consumers as low-level interferences not worth pursuing. 188 Other patent holders who wish to strictly enforce their patent rights, however, could sue the consumers for infringing reconstruction.
189
For instance, the man who fixed his expensive stroller handle has posted online instructions for others who encounter the same stroller handle misfortune. 190 The instructions contain a CAD file and explain exactly how to 3D print and install the handle lock piece. 191 Assuming for illustration purposes that the Bugaboo brand owns a patent on the stroller, 192 if this man added more tutorials for different parts of the stroller to the site, Bugaboo may begin to view his 3D printing activity as infringing reconstruction. RIAA went to court, filed "John Doe" lawsuits, and obtained subpoenas. 201 The RIAA then sent the subpoenas to the relevant Internet service providers, ordering them to turn over personal information associated with each IP address. 202 Once an individual's name was known, the RIAA amended its original complaint and moved forward with the copyright infringement lawsuit.
203
The RIAA also sent pre-litigation settlement agreements to several individuals, asking each person to pay $2,000 to $4,000 to avoid litigation. 204 The consumers who opted out of settlement were summoned into court and took part in costly litigation. 205 Though the RIAA was harshly criticized for these lawsuits, it pointed to its severely hit revenue streams to defend itself. 206 Like MP3 music files, CAD files can be easily stored, shared, and retrieved over the Internet, and several networks for sharing CAD files already exist. 207 When patent holders and manufacturers see a drop in revenues that could be attributable to CAD file sharing and 3D printing, they might mimic the RIAA's strategy and sue home users. 208 The RIAA, after all, has seen several long-term benefits as a result of its litigation efforts. 209 The lawsuits caused an initial and possibly lasting decrease in file sharing on popular P2P sites. 210 Some studies also show that the litigation has deterred casual downloaders and changed the public's perception of downloading. 211 Additionally, it has helped foster growth for legal downloading sites like iTunes. 212 The RIAA's individualized lawsuits dealt with fairly straightforward cases. 213 When an individual was found to have downloaded a music file [VOL. 20:4 without permission from the copyright holder, it constituted direct copyright infringement. 214 What differs and complicates matters in a case with patent law, CAD files, and 3D printing, is that consumers can download and print multiple component parts of a patented object instead of directly copying or sharing the whole object. 215 If patent holders or manufacturers bring infringing reconstruction lawsuits against consumers for 3D printing replacement parts, those consumers would have a more difficult time predicting the litigation outcomes than the consumers who faced RIAA copyright lawsuits. The legal uncertainty will confuse consumers and affect their legal decisions, especially whether to settle outside of court.
A Hypothetical Analysis of Probable Litigation
Since patent holders will be able to monitor a consumer's file sharing with online blogs or in the same fashion as the RIAA, they will be able to target consumers who create or download several parts to a patented combination. 216 For instance, in the earlier remote control example, a patent holder could see that a consumer has downloaded the CAD files for the battery cover, buttons, and most of the casing to its patented remote control.
If the consumer could prove that he or she implemented the parts at different times, perhaps the changes would be permissible repair under the Aro I timing standard. However, if the consumer printed and replaced each part on the same occasion, he or she would be looking to the other vague standards announced in Aro I and its progeny, such as whether the consumer "in fact ma[d]e a new article." 217 The consumer would be left guessing at the result of any potential litigation.
Although the courts reassure rights holders and consumers that the cases will be judged using "sound common sense and an intelligent judgment," legal outcomes can seem arbitrary and the standard provides no consumer certainty. 218 Seeing that "common sense" and "intelligent judgment" are both standards that rely heavily on subjective assessments, no consumer or patent holder can predict how a certain judge or set of judges will feel about a product that has been fixed. A consumer fixing multiple parts of a remote control at one point in time is afforded no certainty before litigation as to whether creating those parts constitutes repair or reconstruction. The current standards will also cause inconsistent applications of the law. Using the remote control illustration, in which a consumer replaces several parts at once, consider how the results of litigation could vary under the frameworks set forth in Wilson, Cotton-Tie, Aro I, and the lower court decisions previously discussed.
Under Wilson, what matters most is the replacement part's durability in relation to the whole and the patent holder's intent in the object's construction. 219 The plastic battery cover, buttons, and casing of a remote control are fairly durable in relation to the remote control's lifetime as a whole. None of those parts tend to wear quickly, especially compared to the planing machine knives that lasted for about ninety days in Wilson. 220 Further, each piece is carefully crafted to fit with other pieces-remote control buttons are perfectly fitted underneath the casing, which is usually secured tightly with all other parts, and the battery cover only snaps off to allow battery replacement. 221 Considering the durability of these pieces with the construction of an average remote, it is fairly clear that none of those pieces are intended to be readily replaceable. It seems as though the Court in Wilson would rule that the consumer was not preserving the remote, but instead that he or she was altering its identity and reconstructing it.
By the standards of Cotton-Tie, on the other hand, a court could find that the remote control replacement pieces were a permissible repair, since the pieces were never voluntarily or completely destroyed, recreated, and then put back together.
222
Since in this scenario a consumer would create more than one piece to the remote, the "one part rule" from Aro I would not apply; instead, the Aro I Court would analyze whether the new pieces "in fact ma[d]e a new article." 223 The three remote control pieces could be seen as making up a larger proportion of the remote control's whole than repaired fabric makes of a patented convertible top. Thus, using only the analysis within the Aro I opinion, the three-piece remote control scenario would likely be deemed impermissible reconstruction. The determination would be based on how "new" of an article the court feels the remote control has become; however, the Court in Aro I did not articulate what renders an object "new." analysis would have to center around the court's "sound common sense and an intelligent judgment." 225 The way that "sound common sense" is exercised is just as much a mystery as the way the Aro I Court determined an article's "newness." 226 Since the FMC court followed the Aro I decision closely, the FMC court would most likely consider the replacements to be impermissible reconstruction because the parts make up such a large proportion of the remote control.
When applying the remote control scenario to the Sandvik court's multifactor approach, it seems as if the pieces constitute impermissible reconstruction. 227 The remote control pieces could be seen as "spent" before fixing; the nature of the fix could seem like reconstruction in light of a whole remote control; most of the pieces are not temporary or detachable; no prominent industry existed for replacement parts of remote control pieces; and the patent holder does not likely intend for its remote controls to be reworked.
Under Sage, the remote control pieces would probably constitute impermissible reconstruction, since the plastic casing and buttons do not seem to be readily removable parts like the Sage disposal system's inner container. 228 But one could make an argument that the pieces are readily removable, since the consumer disassembled the remote and put it back together with the new pieces. If this argument was successful, the replacement could be considered permissible repair. This precedent, like several of the other cases, could result in either outcome.
For instance, under the Husky analysis, and depending on the functionality of the remote control prior to the replacements, the replacements could be viewed as either repair or reconstruction. 229 Recall that the Husky court defined three repair-reconstruction situations. The remote control scenario could fit within the first situation, which occurs when an entire patented object is exhausted and the accused infringer remakes it. 230 The court did not require that the object be remade completely, but instead discussed "practical reconstruction" when an object is taken from useless to functioning. 231 The court drew comparisons to the voluntarily severed bands in Cotton-Tie. 232 Even though the remote control in this scenario was not voluntarily broken, but was simply worn, one can argue that prior to instal-lation of the replacement parts the remote was "useless" if all of the painted numbers were worn off of the buttons, making it almost impossible to use correctly, or if certain important buttons were not able to function. The buttons, battery cover, and casing replacements could all together amount to "practical reconstruction" under Husky's first situation, since the remote control would go from useless to functioning with the replacements. 233 But if the remote were still functioning at all before the replacements, the Husky court would rule that the activity was repair, since it was not "useless" and no "practical reconstruction" occurred. 234 The remote control scenario does not fit within the second or third situations outlined in Husky. In the second outlined situation, one spent part is replaced. 235 Since the remote control scenario involves multiple parts, it would not be analyzed using this framework. In the third situation, the court explained that replacing a series of spent parts to enable a patented object to carry out any function different from the original intended use is considered permissible repair. 236 If the remote control user could prove that he or she was trying to achieve a new function with the improved remote, the scenario could fall under this category and it could be designated as permissible repair. However, the different function in Husky was that the newly shaped molds allowed the patented machine to create objects of different shapes.
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The new remote control parts, no matter how much they would be altered, would probably still have the end function of changing channels and adjusting television settings. The new parts would probably not allow the remote to perform any new function, and consequently, the facts would not fall under this third outlined situation.
The Husky court ruled that at the very least, if a part is readily replaceable, whether it is broken or still functioning, the replacement activity is akin to repair. 238 Whether parts are "readily replaceable" is a judgment left to the courts, but as discussed above under the Wilson analysis, and in light of the overall design of a remote control, the buttons and casing parts appear to be relatively difficult to remove and replace. Thus, under Husky, this factor cuts toward impermissible reconstruction.
Finally, under Jazz 2001 and its sequels, it is even less clear whether the remote control scenario would constitute permissible repair or reconstruction. In their findings that refurbishing the single-use disposable cameras constituted permissible repair, every court emphasized the fact that the film was the main component being replaced, and film was a removable and readily replaceable part. 239 As discussed, based on the structure of the remote, the courts would probably find that the remote control buttons and casing are not readily replaceable parts within the whole. The act of concurrently replacing those parts would then be considered an impermissible reconstruction. However, much as the Jazz 2001 court found that changing and replacing film was permissible repair, the court could also say that the buttons, battery cover, and casing pieces were all unpatented parts of a patented whole, and that replacement of unpatented component parts is a characteristic of permissible repair.
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From the above case analysis, only one thing is certain-the current standards will create confusing, inconsistent applications of the law when 3D printing of multiple replacement parts becomes commonplace.
III. THREE PROPOSALS FOR CLEARER, MORE RELIABLE STANDARDS
Even though some of the consumers prevailed with repair rulings in the cases described above, the consumers still expended high costs for litigation defense and probably had no idea what the outcome would be when going into court. This is troubling since patent holders could institute litigation against consumers for creating home object replacement parts with 3D printers.
The Supreme Court should therefore redefine the repair-reconstruction standard to reduce litigation, allow consistent application of the law, and provide consumers with certainty. The following recommendations may better define the difference between permissible repair and infringing reconstruction, or at least provide consumers who are accused of infringement with a more predictable litigation process.
A. If the Entire Device Is Not Copied, It's Not Reconstruction: An All-or-Nothing Standard
One possible redefined standard is if a consumer shows that an object created (perhaps with a 3D printer) results in a unique change of any kind to the patent combination in question, then the alteration automatically falls under permissible repair. Using the remote control hypothetical, if the consumer changed the shape of the plastic casing to fit the consumer's hand, or made the rubber buttons thicker, the consumer's replacement of multiple parts would automatically fall under permissible repair. Unless a patent holder can prove that a consumer replicated all aspects of the device, the patent holder gets nothing.
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This standard would take the Aro I decision a step further. Aro I currently holds that making sequential replacements of one unpatented part or different parts within a patented device is permissible repair. 242 The proposed "all or nothing" standard would extend Aro I to hold that making replacements of any combination of unpatented parts, sequentially or on one occasion, is permissible repair so long as some aspect of the object is different than it was before. Husky lends some support to this idea, since the court held that simultaneous replacement of multiple parts was repair as long as the parts gave a patented device a different purpose.
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John Locke's labor-mixing principles also support this framework. Locke's theory of property ownership holds that personal property is acquired through a human mixing his labor with natural resources. 244 In Locke's Second Treatise on Civil Government, he questioned what right an individual has to claim a piece of property when the planet was given to all of humankind in common. 245 Locke reasoned that each person has property in his own body, so any labor from the body and the "[w]ork of his [h]ands" is property owned by that person. 246 When a person mixes labor with something, the person removes it from the common state of nature and acquires a right to ownership. 247 Locke's property theory can apply to patents since patents are a form of property. 248 Using the framework of Locke's theory, when a consumer mixes her labor with a patented object to somehow modify the patented object, the consumer should not be liable for reconstruction, because the consumer would acquire an ownership interest in the new, different object. 249 In the context of 3D printing and the remote control hypothetical, if a consumer changes the shape of the remote control's plastic casing or increases the thickness of the buttons, the consumer exerts labor through the 3D printing process and attaches that labor to the remote control. The consumer would not own the patent to the new or previous model, but he or she [VOL. 20:4 would acquire an ownership interest in that specific remote control without fear of being liable for reconstruction.
Of course, this proposed standard would not pass without criticism. It could be criticized for unjust enrichment concerns, in which individuals would be free from reconstruction liability if they modified one insignificant part of a patented item using the 3D printing process. 250 Justice Black pointed out this dilemma in his Aro I concurrence, explaining that each part of a patented machine could be remade except for a single bolt omitted to make it technically different from the patented combination.
251 As previously discussed, Justice Black did not lay out any proposed test or standard for this scenario in his concurrence.
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Even though this "all or nothing" standard could disturb the monopolies patent holders enjoy by extending the lines for permissible repair, patent holders would still have complete ownership over their patented combinations. Using a 3D printer to recreate and replace several parts to a patented combination, a consumer would only escape liability if he could prove that he has mixed labor with the object and altered some part of the whole. 253 This framework is preferable to the current vague combination of standards because it would allow for more consistent application of the law, give patent holders and consumers more certainty, and encourage further innovation.
B. Giving More Fairness to Defendants by Shifting the Burden of Proof
If the vague, conceptual "new article" standards remain the same, then perhaps the burden of proof could be altered to provide more fairness to defendants who assert repair as an affirmative defense.
In a patent infringement lawsuit, when a defendant uses repair as a defense, the burden typically shifts to the defendant, and the defendant must then present enough evidence to prove that the activity was not an infring- ing reconstruction. 254 With a new and improved burden-shifting analysis, if the defendant simply explains that he or she was only replacing what was necessary to preserve the object's life, or shows that any part is different from the actual patented combination, the burden would automatically shift to the plaintiff. 255 The plaintiff would then have the burden of showing that the defendant's item was in fact a new article. 256 In this framework, the burden is more appropriately placed on the plaintiff to show that the defendant's work was so similar to the original object that it amounted to reconstruction. This analysis is sensible because, as the party that brought the lawsuit, the plaintiff should have the heightened responsibility of proving that a defendant's object actually infringesrather than a defendant having to prove that certain activity does not infringe.
Applying this burden-shifting analysis to Sandvik, the burden would first be placed on the defendant who re-tipped drills. The defendant could give testimony explaining that he only re-tipped the drills to preserve the object's life, or the defendant could provide any evidence showing that the drill tips were somehow different from the plaintiff's patented combination. If the defendant chooses the latter option, he might explain that the drill tips were shaped in a different way. At that point, when the defendant explains his repair intentions or shows that he did not make an exact reconstruction of the patented object with replacements, the burden would appropriately shift back to the plaintiff. The plaintiff would have to present enough evidence to show that the defendant did not repair a spent piece of the object, but instead created a "new article." The outcome of the case may be the same, but at least the defendant would not have to attempt to explain, using imprecise case law, why the fixed drill pieces do not form a "new article" of the same patented combination. 257 The framework would apply the same way in a suit involving a hypothetical consumer who used a 3D printer to make new pieces for a remote control. If the consumer used repair as an affirmative defense, the consumer could explain that he or she only made the replacements as necessary to prolong the remote control's life. The consumer could also demonstrate that the new plastic casing was shaped differently than the original, perhaps to fit with the contours of the consumer's hands. With either or both explanations from the defendant consumer, the burden would shift back to the plaintiff patent holder to prove that affixing new buttons, a new casing, and a new battery cover amounts to making a "new article" of the patented combination. In this way, the plaintiff has the heavier burden to demonstrate why the act of printing and affixing new pieces of a remote is comparable to retying a severed cotton bale tie. This heavier burden on the plaintiff provides more fairness, given that the plaintiff commenced the lawsuit.
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As it currently stands, the burden of proof with a repair defense is unjust, because it requires the defendant to parse through ambiguous case law and to submit substantial evidence proving his or her innocence. By redefining the way the burden of proof shifts, and assigning a heavier burden to the plaintiff, defendant consumers would receive more fairness in the litigation process. Perhaps the best approach to the repair versus reconstruction dilemma lies within Justice Brennan's concurrence to the Aro I decision. 259 As discussed above, Justice Brennan believed that when more than one unpatented part of an object is replaced at once, therefore falling outside the factual confines of Aro I, certain factors should be used as guidelines when deciding whether the whole object is in fact a "new article." 260 The factors he proposed include the intent of the patent holder and user, and the life, importance, and cost of the part replaced in relation to the patented whole.
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Courts have already used factors within his approach, without acknowledging it and perhaps without realizing it, to decide whether an object falls under permissible repair or infringing reconstruction. 262 Brennan's multifactor approach gives courts the flexibility they say is necessary, while also providing patent holders and consumers with a way to gauge a lawsuit's outcome. 258 Justice Brennan's multifactor approach seems to have inspired decisions in Monroe, High Voltage, and Sandvik, even though the courts do not announce it or credit his concurrence. Recall that in Monroe the court ruled that a defendant committed reconstruction after he bought used shock absorbers as scrap, cut them, and affixed new seals to them for resale. 263 The first reason for the court's decision was that "cutting and later rejoining the shock absorbers [was performed by the user] in a manner violative of and unintended by the shock absorbers' construction and design." 264 Similarly, the intent of a patent holder and consumer was a factor in Justice Brennan's approach. 265 Next, the Monroe court found that the seal usually "last[ed] the life of the shock absorber . . . and was not merely a temporary part." 266 This element, the durability and life of the replaced part in relation to the whole, was another factor that Justice Brennan considered. 267 Finally, the Monroe court reasoned that the shock absorbers permitted "no access to or severance of the working elements by any ordinary method of detachment." 268 The extent to which something is severable or accessible is an element that can fit within either of Justice Brennan's factors of importance, or it can serve as a new factor that considers whether a piece is removable or easily detachable. 269 Likewise, the decisions in High Voltage and Sandvik were based on the patent holder's intent, whether a part was spent before replacement, and a part's individual cost and temporary nature in relation to the patented whole-all factors within Justice Brennan's Aro I concurrence. 270 Consider the remote control hypothetical once more. If a dog chewed the remote control's plastic casing and bit off the volume button, and the rest of the numbers on the buttons were completely worn off, but the remote could still function enough to change channels-could someone call it useless junk? Although it would not be as functional or aesthetically pleasing, it would still serve its basic purpose of changing television channels. In a patent infringement lawsuit resulting from 3D printed parts, courts would struggle using the abstract "useless junk" tests. 271 However, with Justice Brennan's factors, the determination would become more organized and predictable. First, the court would contemplate the parties' intent. To determine the patent holder's intent, the court would examine the remote control's construction, the way in which the individual pieces fit together, and whether the pieces are meant to be detachable or replaced. The consumer's intent can be found through evidence of CAD file downloading and the consumer's own testimony. Second, the court would look to the life and durability of the pieces in relation to the whole remote control. Since the casing, buttons, and battery cover typically last the entire life of the remote control, and they are not perishable or dispensable, the court would probably find that this factor cuts against the consumer, as the court did in Monroe. Third, the court would determine the importance of the three pieces in relation to the whole remote control. Since the pieces are significant to a remote's operation, this factor would likely work against the consumer as well. Finally, the court would consider the cost of the three pieces compared to a new, comparable remote control. Since the cost for a remote control can fall within a wide range of prices, this segment of the analysis would depend on which type of remote control the consumer fixed.
272 If the cost of replacement parts was significantly lower than buying a new remote control, it would appear more like the consumer preserved the remote control's life instead of recreating the whole. The standards outlined by Justice Brennan in Aro I are more helpful than the abstract test of whether an object has been converted from "useless junk" into a second creation. Litigation outcomes will be more predictable if these factors are used and announced by the Supreme Court. The factors provide a clear checklist of reasons a court could arrive at its decision. These standards also comport with Cotton-Tie and Aro I, since they are a more articulated version of the "new article" analysis that took place in both cases. Justice Brennan's criticized or overlooked set of "insignificant" standards could be the most significant, most consistent, and fairest way of deciphering between repair and reconstruction after all.
CONCLUSION
Three-dimensional printing is amazing technology that is quickly becoming mainstream. With a layering process that disperses material and fuses it together, the process allows a home user to produce a wide-ranging selection of tangible, 3D objects from scratch. In barely more than a decade, the cost of 3D printers has dramatically dropped, making them affordable for the home tinkerer to purchase. The technology advances each day, and the prices continue to plummet. Soon, having a 3D printer in the home will be commonplace, and consumers will be able to print their own replacement parts to fix or enhance nearly any object. Like the printing press, 3D printers have the potential to cause quite a stir from both business and legal standpoints. When consumers are able to further the useful life of an object with 3D printing, they will stop buying certain objects from retail stores. Some patent holders will start to attribute lost revenues to the 3D printing revolution, and they will view 3D printing replacement parts as theft. As a result, they will either try to tighten the restrictions on the products they sell, or they will initiate litigation against the consumers who are fixing products with multiple 3D printed replacement parts.
Current patent law holds that a consumer has a legal right to repair a patented combination, but not the right to reconstruct it. But what do repair and reconstruction actually mean? The Supreme Court has said that repair means preserving an object's useful life, whereas reconstruction occurs when a consumer makes a second creation of the patented product. This legal distinction becomes more complex and context dependent when a consumer replaces several parts to an object at one time, which will become very common in the wake of 3D printing.
The Supreme Court has declined to create an all-encompassing test to determine the difference between permissible repair and infringing reconstruction, and as a result lower courts have applied the law inconsistently and erratically. If patent holders commence lawsuits against consumers who use 3D printing for multiple replacement parts, the consumers will have no certainty that their actions are legal, and they will be left guessing about the possible outcomes of litigation. Consumers need and deserve a defined standard or set of standards to determine whether their actions are permissible repair or infringing reconstruction.
Any of the three methods proposed in this Comment-an "all or nothing" standard, a redefined burden-shifting analysis, or a multifactor approach-would help lessen the ambiguities in the current repairreconstruction legal doctrine. At the very least, any of the methods would provide accused consumers with a more reasonable litigation process and would allow consumers to better predict the lawfulness of their 3D printing activities. Consumers would then be able to fully embrace 3D printing technology, and patent holders would be able to develop and license products with clear expectations. As 3D printing technology advances, the legal standards distinguishing item repair and reconstruction must do the same.
